Introduction
The ideal ion source for a modern heavy ion accelerator should provide beams of all atomic species,of high intensity, good emittance and long lifetime. The source should be easily accessible for maintenance. For (Fig. 2) Keller and Muller.21
Solid materials can be fed into the source by use of an oven.
As shown in Table I , the duoplasmatron has as high intensity as the PIG, but lower average charge states. The emittance and lifetime is better than that of the PIG, and the equal beam shape in the two transverse planes from the duoplasmatron is an advantage for placing the source directly on an acceleration column. The UNILAC heavy ion linac has found that the duoplasmatron is preferred over the PIG for ions lighter than xenon, with their requirement of charge/mass .0.046.
Electron Cyclotron Resonance (ECR) Sources
Another type of source which is under development for high charge states is the electron cyclotron resonance source. Here the high energy electrons are produced by feeding in microwave energy at the cyclotron resonance frequency of the electrons in the magnetic field which confines the plasma. The ECR source could be used to inject cyclotrons with an external axial or radial injection system, to obtain higher energies.
Electron Beam Ion Sources (EBIS)
The electron beam ion source has been pioneered by Donets (9, 10, 11, 12) . In lower view, potential distribution along axis is that of (B) during injection, ( 
Stripping of Fast Ions
High charge state ions are produced by electron bombardment. In the sources of ions discussed in the previous sections the ions were moving slowly at around thermal velocities, and the electrons were moving at much higher velocities. Since it is the relative velocity of the electrons and ions which is important, the high charge states can also be produced by passing accelerated ions through a stripping foil or gas cell where the electrons have very low velocities. An analysis by Nagel34 shows that a 1 MeV/nucleon ion has the same average charge state after a gas stripper as an ion in a plasma at a 90 eV temperature, assuming the coronal model for the plasma. A comparison of some plasma sources and heavy ion accelerators is given in Fig. 6 
